Introduction {#s1}
============

Incretins such as the glucagon-like peptide-1 (GLP-1) and the glucose-dependent insulinotropic polypeptide (GIP) are released from the intestinal cells following meal ingestion \[[@R01]\]. The GLP-1 and GIP stimulate insulin secretion from pancreatic β-cells and the GLP-1 inhibits glucagon secretion from pancreatic α-cells, which reduces plasma glucose levels \[[@R01]\]. However, incretins are rapidly inactivated by the dipeptidyl peptidase-4 (DPP-4) after released from the intestinal cells \[[@R01], [@R03]\]. Sitagliptin is one of the DPP-4 inhibitors which prevent the inactivation of incretins, increasing the endogenous active incretin levels \[[@R01], [@R03]\]. Hypoglycemia is very rare (less than 3%) during treatment with sitagliptin as monotherapy or in combination with metformin or thiazolidinediones \[[@R03], [@R04]\]. Several studies demonstrated that sitagliptin do not increase body weight compared to thiazolidinediones, sulfonylurea and insulin \[[@R02], [@R06]\]. A low frequency of hypoglycemia and weight gain in patients treated with sitagliptin may be explained by incretin-mediated glucose-dependent insulin secretion.

We retrospectively studied effects of 6-month-treatment with sitagliptin on glucose and lipid metabolism, blood pressure, body weight and renal function in patients with type 2 diabetes by a chart-based analysis.

Materials and Methods {#s2}
=====================

Subjects {#s2a}
--------

We retrospectively studied 220 type 2 diabetic patients who had taken sitagliptin for 6 months by a chart-based analysis. Clinical and biochemical characteristics of subjects studied were shown in [Table 1](#T1){ref-type="table"}. Other oral antihyperglycemic agents which subjects had taken before the sitagliptin treatment were shown in [Table 2](#T2){ref-type="table"}. Subjects studied include patients treated with sitagliptin monotherapy, sitagliptin add-on therapy, and switching from glinide to sitagliptin. We always stopped glinide when we started to use sitagliptin because the co-administration of sitagliptin with glinide is not approved by the health insurance system in Japan.

###### Clinical and Biochemical Characteristics of Subjects Studied

  --------------------------------- ---------------
  Number of subjects                220
  Age (years old)                   64.0 ± 14.0
  Sex (male/female)                 102/118
  Body height (cm)                  160.0 ± 8.9
  Body weight (kg)                  68.2 ± 15.8
  Body mass index (kg/m^2^)         26.1 ± 5.3
  Systolic blood pressure (mmHg)    126.7 ± 15.5
  Diastolic blood pressure (mmHg)   69.8 ± 13.6
  Plasma glucose (mg/dL)            185.5 ± 69.3
  Hemoglobin A1c (%)                8.1 ± 1.3
  Serum LDL-C (mg/dL)               105.0 ± 28.5
  Serum TG (mg/dL)                  176.7 ± 122.0
  Serum HDL-C (mg/dL)               50.7 ± 14.6
  e-GFR (mL/min./1.73m^2^)          77.4 ± 24.4
  --------------------------------- ---------------

Presented values indicate mean ± S.D., e-GFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL-C, low-density lipoprotein-cholesterol; TG, triglyceride.

###### Other Oral Hypoglycemic Agents Which Subjects had Taken Before the Treatment With Sitagliptin

  ------------------------- -----
  No other drugs            15
  Sulfonyl urea             80
  Biguanide                 122
  Pioglitazone              84
  α-glucosidase inhibitor   80
  Glinide                   26
  ------------------------- -----

Methods {#s2b}
-------

This study was approved by the Institutional Ethics Committee in National Center for Global Health and Medicine, Japan. We selected patients who have both data before and after 6-month sitagliptin treatment and compared the data before the sitagliptin treatment with the data at 6 month after the sitagliptin treatment started. Body weight, blood pressure, plasma glucose, hemoglobin A1c (HbA1c), serum low-density lipoprotein cholesterol (LDL-C), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), estimated glomerular filtration rate (e-GFR) in type 2 diabetic patients were measured almost at the same time points before and after 6-month-treatment with sitagliptin. Serum LDL-C levels were determined by direct measurement or the Friedewald's formula.

Statistical analyses {#s2c}
--------------------

Differences in body weight, blood pressure, plasma glucose, HbA1c, serum lipids and e-GFR between before and after 6-month sitagliptin treatment were analyzed by the Paired t Test. Differences in the number of subjects with urinary glucose and protein before and after 6-month sitagliptin treatment were analyzed by the Pearson's chi-squared test. We analyzed the correlation between change in body weight and body mass index (BMI) at baseline, and also the correlation between change in HbA1c and HbA1c levels at baseline by the Pearson\'s correlation test. P \< 0.05 was considered to be statistical significant.

Results {#s3}
=======

Body weight was significantly reduced after 6-month sitagliptin treatment by 0.8 kg ([Table 3](#T3){ref-type="table"}). HbA1c levels were also significantly decreased after the sitagliptin treatment by 0.6% ([Table 3](#T3){ref-type="table"}). However, there were no significant differences in systolic and diastolic blood pressure, plasma glucose, serum LDL-C, TG and HDL-C, e-GFR between before and after the sitagliptin treatment. Over half of subjects showed a reduction of body weight after the sitagliptin treatment, and HbA1c levels decreased in almost 70% of subjects ([Table 4](#T4){ref-type="table"}). Although a statistical significant difference was not obtained, switching from glinide to sitagliptin decreased body weight (n = 16; from 71.1 ± 11.6 kg to 69.0 ± 10.8 kg) and HbA1c (n = 17; from 7.4 ± 1.5% to 7.1 ± 1.6%), respectively. Almost 56% and 48% of subjects showed reduction of body weight and HbA1c by switching from glinide to sitagliptin.

###### Changes in Clinical and Biochemical Data After 6 Month-Use of Sitagliptin

                                    Subjects studied (n)   Data after 6 month-use of sitagliptin   Changes compared with data before sitagliptin use   P value
  --------------------------------- ---------------------- --------------------------------------- --------------------------------------------------- ----------
  Body weight (kg)                  141                    67.4 ± 15.8                             -0.8 ± 3.7                                          \< 0.001
  Systolic blood pressure (mmHg)    169                    125.2 ± 13.6                            -1.5 ± 17.6                                         NS
  Diastolic blood pressure (mmHg)   169                    70.6 ± 11.0                             +0.7 ± 12.4                                         NS
  Plasma glucose (mg/dL)            195                    175.7 ± 67.1                            -9.8 ± 70.8                                         NS
  Hemoglobin A1c (%)                169                    7.5 ± 1.2                               -0.6 ± 1.0                                          \< 0.001
  Serum LDL-C (mg/dL)               161                    103.5 ± 25.6                            -0.7 ± 27.6                                         NS
  Serum TG (mg/dL)                  161                    169.4 ± 121.2                           -7.3 ± 115.1                                        NS
  Serum HDL-C (mg/dL)               161                    49.8 ± 13.1                             -0.9 ± 8.9                                          NS
  e-GFR (mL/min./1.73m^2^)          199                    75.9 ± 25.4                             -1.5 ± 11.9                                         NS

Presented values indicate mean ± S.D. Statistical analyses have been done by Paired t Test. e-GFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL-C, low-density lipoprotein-cholesterol; NS, not statistically significant; TG, triglyceride.

###### The Number and Percentage of Subjects Showed Increased, Unchanged, Decreased Values of Body Weight and Hemoglobin A1c After 6 Month-Use of Sitagliptin Compared with Values Before Sitagliptin Use

                   Increased    Unchanged    Decreased
  ---------------- ------------ ------------ -------------
  Body weight      46 (32.6%)   20 (14.2%)   75 (53.2%)
  Hemoglobin A1c   44 (26.0%)   9 (5.3%)     116 (68.6%)

We analyzed the correlation between change in body weight and BMI at baseline in 129 subjects who have data about BMI and body weight before and after the sitagliptin treatment. We found a significant and negative correlation between change in body weight and BMI at baseline ([Fig. 1](#F1){ref-type="fig"}). However, there was no significant correlation between change in body weight and HbA1c at baseline (n = 126, r = 0.027, P = 0.76, the Pearson\'s correlation test). We also observed a significant and negative correlation between change in HbA1c and HbA1c levels at baseline ([Fig. 2](#F2){ref-type="fig"}). We could not observe a significant correlation between change in HbA1c and BMI at baseline (n = 137, r = 0.051, P = 0.55, the Pearson\'s correlation test).

![A correlation between body mass index at baseline and change in body weight after the 6-month sitagliptin treatment. A statistical analysis was performed by the Pearson\'s correlation test. r indicates correlation coefficient.](jocmr-04-251-g001){#F1}

![A correlation between hemoglobin A1c levels at baseline and change in hemoglobin A1c after the 6-month sitagliptin treatment. A statistical analysis was performed by the Pearson\'s correlation test. r indicates correlation coefficient.](jocmr-04-251-g002){#F2}

There were no significant differences in the number of patients with urinary protein between before and after the sitagliptin treatment ([Table 5](#T5){ref-type="table"}). However, the number of patients who showed the absence of urinary glucose was significantly increased after the sitagliptin treatment ([Table 5](#T5){ref-type="table"}).

###### Changes in Urinary Glucose and Protein After 6 Month-Use of Sitagliptin

                    Before sitagliptin use (n)   After sitagliptin use (n)   P value
  ----------------- ---------------------------- --------------------------- ---------
  Urinary glucose                                                            
  (-)               95                           119                         \< 0.01
  (+/-)             9                            10                          NS
  (1+)              16                           8                           NS
  (2+)              14                           8                           NS
  (3+)              44                           33                          NS
  Urinary protein                                                            
  (-)               104                          97                          NS
  (+/-)             39                           42                          NS
  (1+)              22                           22                          NS
  (2+)              9                            13                          NS
  (3+)              4                            4                           NS

Statistical analyses have been done by Pearson\'s chi-squared test. NS, not statistically significant.

Discussion {#s4}
==========

We retrospectively studied effects of 6-month sitagliptin treatment on glucose and lipid metabolism, blood pressure, body weight and renal function in type 2 diabetic Japanese patients who had inadequate glycemic control on diet and exercise and by other oral antihyperglycemic agents by a chart-based analysis. In present study, HbA1c levels and body weight significantly decreased by 0.6% and by 0.8 kg, respectively, after 6 months after sitagliptin treatment started. However, we could not observe a significant influence of sitagliptin on blood pressure, serum lipids and e-GFR.

In a previous study in Colombia, patients (n = 455) treated with sitagliptin 100 mg monotherapy for 24 weeks have shown HbA1c change from baseline was -0.43%, and body weight change from baseline was -0.6 kg. HbA1c and BMI at baseline were 7.2 ± 0.5% and 30.7 ± 4.7 kg/m^2^, respectively \[[@R13]\]. In a study in Turkey (n = 28), sitagliptin 100 mg monotherapy for 12 weeks provided a reduction in HbA1c levels and body weight from baseline by 0.3% and 2.0 kg, respectively. In this study, HbA1c and BMI at baseline were 6.9 ± 0.7% and 31.6 ± 5.8 kg/m^2^, respectively \[[@R14]\]. The addition of sitagliptin (100 mg) to ongoing metformin therapy (n = 94) for 18 weeks decreased HbA1c and body weight by 0.73% and 0.4 kg, respectively, among patients in U.S.A. HbA1c and BMI at baseline were 7.8 ± 1.0% and 30.3 ± 4.7 kg/m^2^, respectively \[[@R15]\]. The addition of sitagliptin (100 mg) to ongoing pioglitazone therapy (n = 70) for 6 months decreased HbA1c and body weight by 0.5% and 0.6 kg, respectively, among patients in Italy. HbA1c and BMI at baseline were 8.5 ± 0.9 % and 27.9 ± 1.5 kg/m^2^, respectively \[[@R16]\].

In Japan, Nonaka K, et al (n = 75) demonstrated changes from baseline HbA1c and body weight with sitagliptin (100 mg) monotherapy for 12 weeks were -0.65% and -0.1 kg, respectively. HbA1c and BMI at baseline were 7.5 ± 0.9% and 25.2 ± 3.5 kg/m^2^, respectively \[[@R04]\]. Iwamoto Y, et al (n =155) reported that sitagliptin (50 mg) monotherapy for 12 weeks decreased HbA1c and body weight from baseline by 0.7% and 0.27 kg, respectively. HbA1c and BMI at baseline were 7.8 ± 0.9% and 24.5 ± 3.3 kg/m^2^, respectively \[[@R17]\]. Kashiwagi A, et al reported that changes in HbA1c and body weight at week 12 after the addition of sitagliptin (50 mg) to ongoing pioglitazone therapy compared with baseline was -0.4% and +0.4 kg, respectively (n = 66). HbA1c at baseline were 8.1 ± 0.9% \[[@R05]\]. HbA1c levels were decreased from baseline by 0.5% at 12 weeks after the addition of sitagliptin 50 mg to ongoing glimepiride, sulfonylurea, in Japanese type 2 diabetic patients (n = 71) \[[@R18]\]. HbA1c and BMI at baseline were 8.3 ± 0.8% and 24.6 ± 4.1 kg/m^2^, respectively. In this study, at week 52, the mean change form baseline in body weight was +0.28 kg.

Sitagliptin has been found to have better effect on HbA1c in Asian Indians and Koreans compared to Caucasians \[[@R11], [@R12], [@R15], [@R19], [@R20]\]. Daily 100 mg of sitagliptin decreased HbA1c by 0.3-0.73% in Caucasians \[[@R13]\], while daily 50 mg of sitaglitptin reduced HbA1c by 0.4-0.7% in Japanese \[[@R04], [@R05], [@R17], [@R18]\]. In our study, the mean ± SD of dose of sitagliptin which we used for the treatment was 48.6 ± 11.6 mg/day. Our study demonstrated daily dose under 50 mg of sitagliptin provided a great reduction in HbA1c (0.6%). Sitagliptin is likely to be effective to ameliorate HbA1c in also Japanese compared to Caucasians. Further, present study also demonstrated a significant and negative correlation between change in HbA1c and HbA1c levels at baseline, suggesting that sitagliptin is more effective to reduce HbA1c in patients in higher levels of HbA1c at baseline. Raz I, et al found that patients with higher baseline HbA1c (≥ 9%) experienced greater placebo-subtracted HbA1c reductions with sitagliptin (-1.20% for 100 mg and -1.04% for 200 mg) than those with HbA1c \< 8% (-0.44% and -0.33%, respectively) or \> or = 8% to 8.9% (-0.61% and -0.39%, respectively) after 18 weeks, which agrees with our observations \[[@R07]\].

Sitagliptin reduced body weight by 0.4 - 2.0 kg in Caucasians \[[@R13]\], while reduction of body weight by sitaglpitin was modest (-0.1 and -0.27 kg) in two Japanese studies which reported effects of sitagliptin monotherapy \[[@R04], [@R17]\], and sitagliptin slightly increased body weight (+0.4 and +0.28 kg) in two Japanese studies which investigated effects of sitagliptin add-on therapy \[[@R05], [@R18]\]. Sitagliptin is likely to be effective to reduce body weight in Caucasians compared to Japanese. However, in preset study, sitagliptin significantly decreased body weight by 0.8 kg. BMI (26.1 kg/m^2^) in our subjects is higher as compared with those in other Japanese studies \[[@R04], [@R05], [@R17], [@R18]\], which may lead to a significant reduction in body weight by sitagliptin, which is supported by a significant and negative correlation between change in body weight and BMI at baseline. Interestingly, sitagliptin is likely to be more effective to decrease body weight in patients with higher BMI at baseline.

Food intake, energy expenditure and urinary glucose excretion contribute to body weight change by the treatment using antihyperglycemic agents. Treatment of type 2 diabetic patients with oral antihyperglycemic agents improves glycemic control and results in the retention of calories that were excreted previously in the urine before the treatment \[[@R21]\]. Present study demonstrated that sitagliptin reduced urinary glucose excretion, suggesting that body weight reduction following the sitagliptin treatment was not due to increased urinary glucose excretion, may be due to a decrease in food intake or an increase in energy expenditure. Steven B, et al used a mathematical model to estimate the contribution of urinary glucose excretion to reported changes in body weight following oral antihyperglycemic agents therapy and found that body weight maintenance observed in response to DPP-4 inhibitors may result from an increase in satiety, energy expenditure, or both \[[@R22]\], supporting our observation and suggestion. Increases in GLP-1 concentration have been reported to increase satiety \[[@R23], [@R24]\], which could induce a decrease in food intake following DPP-4 inhibitors treatment. Further, fasting GLP-1 concentration has been reported to be positively correlated with resting energy expenditure \[[@R25]\]. Changes in satiety and energy expenditure may be sufficient to compensate for the positive energy balance due to reduced urinary glucose excretion.

In conclusion, our chart-based analysis of effects of 6-month sitagliptin treatment revealed that sitagliptin significantly reduce HbA1c, body weight and also urinary glucose excretion in Japanese type 2 diabetic patients. Further, present study showed a significant and negative correlation between change in body weight and body mass index at baseline, and also revealed a significant and negative correlation between change in HbA1c and HbA1c levels at baseline.
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